INTRODUCTION
PHONEX is a FORTRAN-IV CDC-7600 computer program to calculate photoneutron spectra for arbitrary gamma-ray energy distributions. Although initially written for calculating photoneutron spectra resulting from fission-product decay gamma rays incident Q upon materials of reactor importance (e.g., Be or 2 H), the program is general enough to calculate photoneutron spectra for any photon distribution incident upon any material for which the double-differential cross sections are known. All kinematic calculations are performed entirely relativistically and their results are, therefore, of general use. q 2 PHONEX has been used to calculate Be and H photoneutron spectra resulting from fission product gamma spectra calculated by an extended version of the CINDER code; the input format of PHONEX is designed to read CINDER output directly. These calculations will be reported separately. is markedly time-dependent as, for example, fission product gamma-ray spectra. The spectrum normalization is with respect to a particular time step for which the gamma-ray and photoneutron intensities are arbitrarily set equal to unity.
SPOUT prints and plots normalized and non-normalized photon and photoneutron spectra at each time step. The spectrum normalization in this case means that the energy-integrated gamma-ray and photoneutron intensities at the particular time step are respectively set equal to unity. The LASI. film plotting subroutine used requires the definition of title, abscissa, and ordinate names. These are introduced through the alphanumeric variables TI, ABSIS, and ORDIN, respectively. These variables should be redefined as appropriate to the specific problem solved.
The variables included in the present version of the program are for use with fission product photon and photoneutron spectra.
The photoneutron spectra are in units of microscopic cross section (e.g., barns). PRO provides the center-of-mass angular distribution of photoneutrons for given photon energy.
LY-T:-
ANGCM calculates the sine and cosine of the neutron center-of-mass angle as a function of its laboratory angle, i.e., performs the laboratory to centar-of-tnass angular transformation.
KIN calculates the necessary relativistic kinematic.-! parameters for the photoneutron reaction.
MOM calculates the momentum and energy of the photon^utron as well as the photoneutron cross section as a function of the neutron laboratory angle.
AVFG computes gamma-ray and photoneutron energies averaged over corresponding energy distributions.
TEST supplies arbitrary unit line photon distributions for testing the calculations if desirable.
INTERF linearly interpolates input photoneutron cross sections at required gamma-ray energy values.
Further details on the main program and on the subroutines are given in Table I , which describes the input to the program, and in the appendixes. Photon energy points at which photoneutron cross sections are supplied, in KeV.
III. GENERAL COMMENTS ON INPUT VARIABLES
-28 2 Photoelectric (Y,n) cross sections in units oi 10 en .
-28 P hotomngnctic (Y.n) cross sections in units of 10 cr_~.
Hollerith field nasing the fissioning isotope.
Gamma-ray spectrun group energy boundaries in KeV.
Hollerith fluid describing the tire step of the photjn speccrum.
Hollerith field describing the time step shutdown '.lne in hours. ANAMEO) contains the shutdown tine in hours (e.g., 1000 hours). ANAMEO) is used in the spectrum title when plotted. where E = neutron rest energy -rscoil nucleus rest energy.
APPENDIX B MAXIMUM AND MINIMUM NEUTRON ENERGIES (SUBROUTINE MAXMIN)
The maximum and the minimum neutron momenta for The corresponding kinetic energies are Efl and a given incident photon energy, E , are:
Where y» P * and P. are as defined in Appendix A. n K APPENDIX C
SINE AND COSINE OF THE NEUTRON LABORATORY ANGLE (SUBROUTINE CSEN)
The sine and cosine of the neutron laboratory angle in terms of the neutron and photon energies, E and Ey,are given by the following expressions: 
